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Abstract: In order to explore the role of emulsifier EL-40 in the release of pesticide-loaded microcap-
sules and evaluate its acute toxicity to non-target organisms, three capsule suspensions of 2.5% lambda-
cyhalothrin microcapsules were prepared by adding 0.5%, 1.0% and 2.0% EL-40 through interfacial po-
lymerization, and sprayed at the initial and the peak periods of cotton aphid Aphis gossypii population.
The population dynamics of cotton aphids and ladybugs were monitored 0 day before and 1, 3, 7, and

14 days after treatments. The results showed that increasing content of EL-40 could reduce the compact-
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ness of capsules and accelerate the release of active ingredients from the pesticide-loaded microcap-
sules. At 24 h after treatment, the release of lambda-cyhalothrin microcapsules on leaf surface were
18.02%, 41.58% and 63.84%, respectively, for capsule suspensions prepared with 0.5%, 1.0%, and
2.0% EL-40 and wetting agent OP-10. Compared with emulsifiable concentrate, microencapsulation
could significantly reduce the acute toxicity of lambda-cyhalothrin to Danio rerio and Coccinella sep-
tempunctata, and the toxicity was positively correlated with the release speed of microcapsules. The
acute toxicity of the capsule suspension prepared with 0.5% EL-40 (with the best sustained release pro-
file) to D. rerio and C. septempunctata were 270.55 ng/L (LC,,) and 0.73 mg/L (LR,,), respectively. Ap-
plying these pesticides at the initial period of cotton aphids yielded much better control efficacy and less
damage on the population of ladybugs than that with the application at the peak period of cotton aphids.
The capsule suspension prepared with 2.0% EL-40 had the best control efficacy with a corrected popula-
tion reduction of 72.90% at the 14th day after treatment. These results indicated that the capsule suspen-

sion of lambda-cyhalothrin microcapsules prepared with 2.0% EL-40, showing a rapid release profile,

had a better efficacy and longer control against cotton aphids at the initial period.
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Fig. 1 The morphology of lambda-cyhalothrin microcapsules prepared with 0.5% (A, D), 1.0% (B, E) and 2.0% EL-40 (C, F)

after deposition on silicon wafer and their particle size distribution
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A 5E e T T A I R OP-10 A48 15 24 7 1931
WPERE. & 0.5%.1.0% Fil 2.0% EL-40 14 &5 54 SR
AR B TE RIS IR ] OP-10 34 BIAR B 2
50 mg (a.i.)/L J5 , 2 11 5K J1 43 5l R 35.53.36.20 Al
37.31 mN/m, =F 555 X BRFI A I8 I 1579 245 W
() T 5 77 3 AT, (HE4 0 I X6 BR 2477 25 /L
AR E A B FLIM i R ok (B 4-A) . BARIR
TR ) AN [ EL-40 /5 450 S IR S84 T e
EIERI R S 25 5 B 0 = E EMAEM A
A4 fioh A Gt 35 22 53 (TR 4-B) , R B I 5700 e
3 B AN TR FH R EL-40 e 830 58 505 58 Bk ol e B 7 771
SRR AE - T BT RE T RE AT 2
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Fig. 4 Surface tension and contact angle on cotton leaves of various 2.5% lambda-cyhalothrin capsule suspensions (CS)

prepared with EL-40 and addition of wetting agent OP-10
P B P B eebR R . SR/ -1 3RR 48 Duncan FCRNE 622 15K 50 7E P<0.05 7K F- 22 5 i %% . Data are mean+

SE. Different lowercase letters indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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FER BE LU IH S 4 i, A A BRI AR A AL I T 1Y)
DIBUESRHIE S AR RE i LA UTRUE S — 20, T
OP-10 )75 0.5% EL-40 ) 2% 24 1 8 K 43 I EROE
(E15-A), %1 OP-10 19 % 1.0% EL-40 25241348 i
AT5 Ry BRI , {488 1 115 00 350 o A 8 o T (1 -
B) 5 % 24 ol 5% U1 5 2 35 R0 350 o P B e v ) 2 TS N
OP-10 7% 2.0% EL-40 2R 24513 (51 5-C) o ZJa Xt
W TAT b 245 550 (R B A T A, & BRI OP-10 1)
T 2.0% EL-40 2% 25 i 2 78 it FH 24 hJ5 25700 1 e i
4 et , o0 63.84% , # B L ORI ; 1A
Jill OP-10 f) & 1.0% EL-40 10.5% EL-40 4% 24 3 3¢
rh 2 R RO 43 L 53 90 R 41.58% F1118.02% . 35

W EL-40 A LA o I 2 7 O B0 R 5, 38 i 202
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@

T BRI B, ST A TR
2.4 ENESSHEHES IR RS
241 sl e Ltk

ANIF] EL-40 FH k9 e 2% S RU A8 TR T 22 7 71
XTBE S A0 ) 2 vk R R S B Be S AR OC
2.0% BL-40 {3 58 17 711 v 245 571 1) R il AR e e, of
BE L0 1 LCy, N 42.17 pg/L, 4 PEHE B A%,
51.93; 7 0.5% EL-40 il 3 B 1 70 v 24 551 1) e kg ik
RN, XFBE 10/ LC, de K, T 270.55 pg/L, %4
PEFEBHN 333.20;5 5 1.0% EL-40 {3 5 77 7 % B
11 LC,, 4 109.68 nug/L, % 48 #Uh 135.07 (%
1), BIRAHZEHI 4589 3 Fh 2.5% 25 30 SR w2 g
R R BE St ) SR R PE Y I T 25 ¢/
T A AR A A R FL I (LCy, M 0.81 pg/L) , (H H g
T8 TR EE s #EAKE

5 FIEEF OP-10 & 0.5%(A)1.0%(B)F12.0% (C)EL-40 =3 S M B F BR W 1 24 h R EM E AR 51
Fig. 5 Morphology of lambda-cyhalothrin microcapsules prepared with 0.5% (A), 1.0% (B) and 2.0% EL-40 (C)
and addition of wetting agent OP-10 after 24 h deposition on leaf surface

R BHSRSHENESFINHIEN LS

Table 1 Acute toxicity of lambda-cyhalothrin capsule suspensions to Danio rerio

s EL-40 {54 95% {7 X [f] 95% {7 X [7] AR
Treatment Content of LC,/(pg/L) 95% confidence LC,/(png/L)  95% confidence Safety index
EL-40/% intervals/(pg/L) intervals/(pg/L)
2.5% B A I e R TR 0.5 27055 199.75-361.96 73340  495.64-2 11720 33320
2.5% lambda-cyhalothrin capsule 1.0 109.68 77.98-129.93 225.62 170.18-425.13 135.07
suspension 2.0 42.17 23.98-59.43 94.44 65.39-321.96 51.93
25 o/L B S  RAGELiT 0.0 0.81 0.60-1.09 220 1.49-6.35 1.00

25 g/L lambda-cyhalothrin EC

242 L EIR Koy LPEAEN

25 g/L i R TR A e Lot - A R A R
B, LR, 4 0.06 mg/L; il %A 1 2 B AR T i 25 70
BEPE AN [A] EL-40 FH 22 19 1o 280 58 980 U3 T T 9 B 7
FT L B PR R I R LR KT R S 2
T RO R 2 ARG . Ho, 1% 0.5% EL-40
1) fe R0 TR T2 TR T BV N e R ey,
LRy, } 0.73 mg/L; & 1.0% EL-40 [ Z , LRy, N
0.27 mg/L; 7 2.0% EL-40 A B0 R e b, LRy, K
0.18 mg/L(F2).

2.5 EMEAEFOEMIERFER M E N AR RITEN
2.5.1 2 FR A A BAAR ST AP B 6 4 ) AF )
AU it 24 R ARRAER 11 L 12 B R 20.20 Sk/RE
T2 5 1 d, 45245770 A B H 101 %88 1 A i K X R
1%, Herp s B BE 4 5 1.0% EL-40 F12.0% EL-40
e RIS T4 TR A A T 791 A L ) A6 I P TR R
I3 31K 79.55% F189.82% , 5 25 g/ L i A G R A T
FLIH AL 3 (90.19% ) TG 5 35 25 5 5 1 R BB AR 22 11
7 0.5% EL-40 T2 7750 b PR A ARG A5 1 HL T IR
B 53.51%, W EMRT AL AL B . 253 d,
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KALFRA R O AR T2 S 1 d¥H it e,
ELALBRIA] Y 22 5 PR B A OAE . )5 7 d, 7%
2.0% EL-40 1= 350 55 7 544 T 180RE 2 1 700 Ak 2 A H
128 B R 1K, R 3.29 Ske/Bk , R A A% 1 H 11 9 6 A
15,15 92.07% , b 2w T HAR 2GR, Rz 2y
TSR 5 & 1.0% EL-40 2 50 SR 44 T
TR BT L5 25 o/L s S s g e FL i b
TC 3255 AR TR — UCOMA , P I HORe 1E
1R R R 5 % 0.5% EL-40 =3 S a3

i ol 2 T ) A L A S I R 11 DA SR AT B v,
W2y R TP AR B W, Wiz 14 d, %5
275 b PR AR 1E HL 1 UGE FR B G RRAG , o 2.0%
EL-40 13 25 52 T 7744 g vl 2 2 V7 390 b B A A 2 He 1
R R AT RE Ik 3] 72.90% , BLUAR H 1185 R KR BE T
B AR BB AR TR K IR (£ 3) . RIE X AE
BT & AR WA AR IR EEA T B IR SRR AR
U1 2 2.0% EL-40 25350 58 91538 e T B
P SR A IR

R2 SUERRFHEMESFINCEMRMANSY

Table 2 Acute toxicity of lambda-cyhalothrin capsule suspensions to Coccinella septempunctata

EL-40 &t

95% {5 X [H] 95% {7 X [A]

e A
Tre%\tifent Content of LR, /(mg/L) 95% confidence LR,/(mg/L) 95% confidence ii&ﬁiﬁ
EL-40/% intervals/(mg/L) intervals/(mg/L)
2.5% B R AT e 0.5 0.73 0.50-0.98 1.87 1.28-5.47 12.74
2.5% lambda-cyhalothrin capsule 1.0 0.27 0.21-0.34 0.76 0.53-1.65 4.67
suspension 2.0 0.18 0.17-0.19 0.32 0.29-0.37 3.07
25 of/L B EUR A AG RE ST 0.0 0.06 0.05-0.06 0.13 0.01-0.16 1.00

25 g/L lambda-cyhalothrin EC

R3 B REMI(FEE 25 A EASHUS AR FEMERZF R RE IR
Table 3 Efficacy of lambda-cyhalothrin capsule suspensions against cotton aphids at the initial period of cotton aphid population

(applied on the 25th day after sowing)

R A% 1E e 8RR Corrected decline rate of cotton aphid/%

EL-40 i OP-10 fii=

Tre%l\tffent Content of  Content of iﬁfl d Zyki3d 274 ZyJi14d
EL-40/% OP-10/g after 3 d after 7 d after 14 d after
treatment treatment treatment treatment
2.5% B AU T E B R B TR 0.5 4 53.51+6.55b  50.45£7.06b  55.2548.52c¢  44.17+6.52 ¢
2.5% lambda-cyhalothrin capsule 1.0 4 79.55£3.98a  84.74+1.71a  78.23+490b  60.78+1.53 ab
suspension 2.0 4 89.82+2.34a  92.13+1.93a  92.07+2.02a  72.90+4.26a
25 g/ L R A U B BRI 0.0 0 90.19+1.70 a  87.02+1.28 a  79.00+£5.03b  57.94+£2.27 b

25 g/L lambda-cyhalothrin EC

TR P YBR[ EE 5 AN IR 7535 28 Duncan [BT 2% 25 K B0 7E P<0.05 7K F- 22 573 1 % . Data are

mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

2.5.2 AT A AR BT R IR kAP B4 % v

FEFPIG 40 d A H p SRR AR A8 2 0]
5t 245 7 45 A1 TR SP- 447 e 11 R Ol 112.49 Sk/kk  [R)s
SRR O TR BHARE , SF-357 ML 1% B R 1.41 3k/kk
W25 1 d, 25 g/L s AR RS BRF Ll 5 s R A 5
2.0% EL-40 5 35 98054 T fwl 28 2 77 70 Ak 24 1) A
WeF A I R PR SR 0 3k 77.11% F177.10%, B 3%
e TR AN B B0 R 1 P RGR 500k 95.55%
H173.70% , T &5 1.0% EL-40 F10.5% EL-40 55054 IR
A TR P B T 0 A A T RS I i TR 2643 1)
H 65.74% F1 33.47% , 3= WK 755 230 S 96050 2 TR ok
AR AT 25 R AR R S AR R R R, L
ARG TRE Y R HDR S A OG . WE2Y)E 3 d,25 g/L

o A8 R A TR AL S SRR 2.0% EL-40 15534
SRR TR TR T A AL B A AT A A T R 1T R R
G35k 75.26% F175.98%, i 3 v T H A AL P B
M2 E0.5% EL-40 = 230 58 9805044 T e 07 o1
(R RSP A T 2 1 R R4y 38.78% , e I HL 24 741 ¢
0 R T S BRAR A AR AR A s il . B2 ) 7 d LAY
5 2.0% EL-40 25 24 5 5805038 T T2 2 07 R b R Y
IR IE H R 28 1 25 T 25 /L e s SR LA
e FL AL R, ok 71.57% (5 4) o TERRIE A A B0 0F
TTHEZ M R AL, T e 3 S U A
T ) A BT AR ST 1 R 4 R B, X B
HURPRERAT R R, 2B AR T & A i 248
LT,
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Table 4 Effects of lambda-cyhalothrin capsule suspensions on cotton aphid and ladybugs populations at the peak period of

cotton aphid population (applied on the 40th day after sowing)

EL-40 OP-10 R TF H T Ul PR IE W R R
fb e JH#:  Correction decline rate of cotton aphid/% Correction decline rate of ladybugs/%
Treatment Content Content #jE1d 2553 d 25 7d ZE1d 253 d 2j57d
of of 1 d after 3 d after 7 d after 1 d after 3 d after 7 d after
EL-40/% OP-10/g treatment treatment treatment treatment treatment treatment
2.5% U RS A iR 0.5 4 61.19£3.86 b 38.78+£1.70 ¢ 27.01+1.63 d 33.47+3.06 ¢ 58.15+4.43 ¢ 51.82+4.69 ¢
far g L= X
AR . 1.0 4 65.00+£1.92 b 57.16+£2.75 b 43.83+3.99 ¢ 65.74+1.11 b 78.34+3.22 b 73.36+0.76 b
2.5% lambda-cyhalothrin
capsule suspension 2.0 4 77.10+1.81a75.98+2.30 a 71.57+2.61 a 73.70+2.86 b 73.89+2.80 b 74.75+5.54 b
25 o/L B AR A e L 0.0 0  77.11£2.86 a 75.26+1.37 a 58.52+0.91 b 95.55+1.79 a 96.79+1.79 a 92.28+2.23 a

25 g/L lambda-cyhalothrin EC

FEBEE B bR R R . [RIPVBORE S S R F R R 78 28 Duncan FGHT & e 22 K6 56 78 P<0.05 /K F-22 5% % . Data are

mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

3 it

AR, DA BT R AR R A 24 22 R 7l
FERR B B e (F 2 BLAF ,2018) , Hor i i 25
et FH 4R DG 7™ il A7 FE T 7 PR 80 AN 1 T
Zhang et al.(2018a) W 5% & I 12 S 4% 245 T 9 il 551 1
BECPERE 5 B 1A e SR AS VL 2 S BOHL PO FAE A
HERE, KA RN — BT R
5 P R 2 R AR A A AR BE A Y
A SR 24 U BRI BB 1 IR 42 (Luo et al., 2018;
Zhang et al.,2018b) . A5 i 01 A1 50 e BLAE A
T 2R B VR AR 24 1 ) 8 A 2 v el 02 LA 5
i, WP AR R M RE , U DR X RS e HAA I
PHEAER o ASWFSE 38 B PRI 23R S8 £ 0k EL-40 4
FLALF, L MDI R S A4 il 25 1 3 F EL-40 FH i
(0.5% . 1.0% F12.0% ) [ 2.5% 15 3 S8 5. T 30 Tk ol
B a2 e A T TR SO S 2
FIB T 5 , & PR 5 EL-40 JH 2] i 53 THi
FEHUREE 5 38 X 2 TR M 5 R AT S VR E
PEVPAN & L EL-40 2 5 T 9520 B, #E @ 13 4+
(] Fr 2 T) (5 BELAE FH RBAIG T 52 i B0 3, k4 7
T AR R RE (E H AT TH AR FBW R
FRVE 5 BL-40 B RE A B4Rk 1 AT TC 7k 1 e Ho e 2
e BB A S ], BRKIHR A AT
FAE B TR M A W R K — R A
R 0231, AT RIS SR K S I A (e 0 T
JE4% , 4 EL-30 . EL-60 . EL-80 %% . B BRI SR A &%
ik 5325 K S THT A 8 25 S 2 s e HAE T K B 1T 7
REFT WS HEG LR . BIL, HOR[R] 3K 55 i1
P B JRR T 2R S L T X i 1) 1 B A A7 AR DR 4

YERMP R EEE—2P 5T . 4h BB R TR,
WBESE Y B A 2 Js ik MR R S S Mk N R
it e b B A6, R 5 LA A ) ) e 1 B R 4 1
ARG HL ] A A AR B

R AEBRE A i R S T ) R
R AE WSS it FH A X R RS R KA AR, T, B
It A5 AR B bR AR HAT 3 v KU (EAEZR 45, 2016
N, 2020) o 3E A AR AL T I 2 ARG X
JESFRA W TEME (Li et al., 2018) . ASHF5T 45 4L ik
7, ANTA] EL-40 FH 2 1) 1 500 58 TR0 48 T T 3 2 7 711
o S T 2GR0 B £ R b R R A e Ak
(] A FL 22 4 K OT 5 2 2 T B R R 2 FAH G
PRI, G o 3 e s R 2 T e A e, DR Rl o
RE , SCER 24 A AR ) i 4 VR S e R AR A
W2 Ak A RO , S AR 2T AH OG22 R B BE
(R FE By 0] 2 — WA R (A BT 2R

A FAYBNG SRR i 2 & R UE BTG
R0 O | XoF 1 it 245 IR I A 6 8 T A A
BT VE A KB B A AR5 2 07 kA 7
2E4 7% 1 (Jiang et al.,2019) . AR iEF R U3 by | ¢
B R IR s PEARAE T 19, AFLAR G I, MV 55
A X L Ry 5 B I AR AR AEAR X AR AR (4 R
26 A L)) BEK /D, B2 45 il A I 1) < 5
o DR, A A T 0 )RR K ST 2 it 24 B B A o 1
FEARE . A 3 B T AR 0 R AR (B
FR 25 d) -5 00 (& RS 40 d) BEFT H 8] 25560856,
PAPEM A [F] EL-40 FH 2 9 2.5% o 550 A U i e
T G R A R P 4 T AR, M 0 225 7] Ak 36 B
HOFPHEAREIA o RS T AR F R K A it 2
FEAT BV SRR & AR A3, o 0 23 AR, B AR
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G IR RCR: R IR, EANT 5 I8 25570 K
R BURMRE R A AR R o o RS A 75 2.0%
EL-40 {7 250 58 05 T T 8 7 50 A 357 14 Al 2
PSS E T S N R TS €k N ST R ARTIPn i
HAE— 5 i BE b nT B AR 2 57 %0 B AR AR A R 52
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WEE B IA AR B AL R, SR R R R R A TR T
PERIF R AR R I R A B P RCR , HE R T
FLAG R B A B TESEPRAE = i
WA L R B BAT iR T RIS A R R A
B 22— MU PR U IR 1 it , 1 w2477
AR a7 e T SR s , AP R R Y B 2 T I U
R AN L, W JC vk A R 5 1] P9 TR AR AT 35 A ) 3
W T35 A T YRR, SR A 2T
BEAT BBV 2y , RET MR L r S OR s 2t
— I

Ly T ) 25800 4 2R , AEAR F A A= 0 0 ]
SRR oy 114 200 S IR A T ol B R A T B B
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